The aim of this study is to estimate the Z boson mass by using the calculations of the decay width of Z (θ) boson. So, the decay width of the extra Z boson is calculated numerically in effective rank 5 models for different mixing angles θ of the model and for different mass values of the extra Z boson. The decay width of Z boson to the Standard Model (SM) fermions is found to be between 4.42 and 19.36 GeV and the full decay width of Z boson to all particles is found to be between 20.88 and 37.15 GeV. We calculated the full decay width at the angle θ 0 for Z and Z2 −→ Z . The full decay width of Z boson is written in a single equation according to our calculations. By using these calculations and the previous works the mass of Z boson and the number of generations of the exotic particles are estimated. 
INTRODUCTION
Although the Standard Model (SM) is consistent with most of the experimental results, there are some discrepancies at high energy experiments [1] . The SM deals with nature at low energies. Extended gauge bosons seem in many extensions of the SM, like left-right symmetric models and GUTs (Grand Uniˇed Theories), etc. Extra gauge bosons have not been discovered experimentally yet. They will be searched for at LHC experiments [2, 3] starting this year. Hence, the decay widths of Z boson are calculated here, and using the results of these calculations and also the previous works the mass of Z is estimated.
The simplest possible extension of the SM gauge group suggested by a gauge group of larger rank involves the introduction of one extra U (1) factor. This produces an extra neutral gauge boson, Z , in the particle spectrum. By the charges and gauge couplings of the extra U (1) factor, the decay widths of the extra neutral gauge boson to the particles under consideration can be calculated in some energy ranges. The low energy phenomenology of Z bosons has been extensively discussed in the literature [4] . Recently, particularly strong motivation for having the Z mass below one TeV has been emphasized by Cvetic and Langacker [5, 6] .
In the breakdown of the extended gauge groups such as E 6 there can be at most two additional gauge bosons in the low energy spectrum. Since the popular examples of the extended gauge theories are based on supersymmetric GUT groups such as SO (10) and E 6 , it is decided to study the additional Z bosons originating from E 6 . GUTs with larger gauge groups than SO(10) predict more than one extra neutral gauge boson and exotic particles. The mass of Z is estimated to be between electroweak scale and GUT scale. It is hoped that Z boson can be observed experimentally at LHC experiments. In our calculations we used the particle content of E 6 model in the electroweak breaking of U (1) symmetry [7] . However, for simplicity we will consider an effective rank 5 low energy theory with only one additional gauge boson associated with an extra U (1) and parameterized by
where θ is the mixing angle in the E 6 group [4] , and (i) Z ψ occurs when
(ii) Z χ occurs when
The orthogonal combination to Z (θ) given in Eq. (1) [4] .
The cross section for Z (θ) production at hadron colliders is inversely proportional to the Z (θ) decay width. To avoid the cross section singularities at some special energies, the decay widths of neutral vector bosons should be known [8] .
Hereˇrstly the calculation of the decay width for E 6 boson Z (θ) to the SM fermions is done for different mixing angles θ and masses. After that the gauge eigenstates Z and Z 0 are written as a mixture of the mass eigenstates Z 1 , Z 2 and the decay widths of Z boson to SU (2) bosons W + W − and Z 1 H 0 1 are calculated. The full decay width for Z boson to the SM particles and to their supersymmetric partners is calculated at the small mixing angle θ 0. By using these calculations and the previous works, the mass of Z boson and the number of generations of the exotic fermions are estimated.
CALCULATION
In the extension of the SM the relevant neutral current (NC) Lagrangian is given as [9] 
where
and
here θ W is the Weinberg angle. The Feynman diagrams for Z 0 → f f and Z (θ) → f f are similar and given in Fig. 1 . The matrix elements and the cross sections for Z 0 → f f and Z (θ) → f f are also the same formally. Firstly, the equations of Γ Z0 are derived and after that Γ Z (θ) is found by using the same formalism. Here we take f = ν, e − , u, d; and
Multiplying M with its hermitian conjugate M † we obtain
After trace calculations and averaging over 3 spin states of Z 0 boson
is obtained. Here C is the color factor and C = 1 for leptons and
3 ) for quarks [12] , α s (M Z0 ) is the strong coupling constant. For two-body decay, in the rest frame of the decaying particle |p 1 | = |p 2 |, the differential decay width is given by
where the solid angle is
Then the decay width is obtained as follows:
For the SM Z 0 boson, the couplings g V and g A for νν, e + e − , uu, dd are calculated as below by using the equations [13] :
where T f 3 is the third component of the SM isospin, and Q f is the charge of fermions in units of the electron charge, i.e., Q e = −1. In the same manner we can calculate Γ Z (θ) . The matrix element for Z (θ) decay and the decay width are given by the following formulas:
By putting Eq. (18) in Eq. (17) we get
For the calculation of Γ Z (θ) the couplings g V and g A for νν, e + e − , uu, dd should be known. These couplings can be calculated by the equations [13] :
In these equations the term with g 12 can be eliminated because of not requiring any additional symmetry. The breaking of E 6 to SU (5) under Eqs. (2) and (3) gives the charge values of Q χ and Q ψ of U (1) χ and U (1) ψ as given in Table 1 . 
By using Eqs. (22) and (23) with the equation
we can get the values of g V and g A of Z boson. Thus, the decay widths
are obtained. The total decay width is
Total decay width Γ tot (Z (θ) → f f ) for certain values of M Z (θ) and θ is obtained numerically and is given in Table 2 . In the case of non-zero mass mixing the Z, Z gauge eigenstates which interact with SU (2) W bosons are written in terms of the Z 1 , Z 2 mass eigenstates as
The decay width for Z 2 → W + W − occurs for the small mixing angle θ M → 1/M Z2 . This relation between θ M and M Z2 is called mass constraint [13] . For large M Z2 the asymptotic Higgs-structure constraint on θ M is that the mixing angle θ M is proportional to 1/M 2 Z2 [14] . In the case θ M ≈ 1/M 2 Z2 , sin θ M → 0 and cos θ M → 1. Therefore, Z 1 → Z 0 and Z 2 → Z .
In this limit, the decay width for Z 2 → W + W − can be calculated by the equation [13, 14] :
where g ZW W = e cot θ W [13] , M Z0 = 91. 
. Using the relation between the decay width for the fermionic SM particles and bosonic supersymmetric superpartners of them in one chiral supermultiplet in the massless limit given in [15] as
we can write the relationships between the decay widths for winos, zino and higgsino as
So, the full decay width for Z boson at the θ M 0 is
From the last equation, it is obvious that the full decay width of Z boson is increased at least by 50% when we consider the supersymmetric partners of the SM particles. The full decay width of Z for the angle θ 0 is given in Table 3 . By using the equation [14] 
where n g is the number of generations of exotic fermions, and Eq. (32) both in the full form and taking only the second term on the right of this equation, we plotted Figs. 2 and 3 for trying to guess the Z mass at the intersections of the lines of these equations.
DISCUSSION AND CONCLUSION
As seen from the calculations, the Z decays to the SU (2) bosons are considered and the decay width for W + W − , Z 0 H 0 and for the supersymmetric partners of these bosons is calculated numerically at the small mixing angle θ M which is deˇned by Higgs mass constraint as well as the calculation of the Z decays to the SM fermions and to the sparticles of the SM particles. The full decay width of Z boson is written by Eq. (32) according to our calculations. By using the calculations of Z boson decay widths, we drew Figs. 2 and 3. From Fig. 2 , the mass of Z boson can be decided to be about 630 GeV when we plot only the second term on the right of Eq. (32) with Eq. (33) for different values of n g as a function of decay width versus different masses of Z boson. The intersection occursˇrst for n g = 3.
Since the decaying particle is the same, it must have the same mass estimated by Fig. 2 when we plot aˇgure including the full decay of Z boson to all particles. Therefore, in Fig. 3 , we plotted Eq. (32) in the full form together with the second term on the right of this equation as we drew in Fig. 2 . In this case, again the intersection occurs with the mass of Z about 630 GeV for n g = 5. Therefore, it is estimated that the mass of Z boson is about 630 GeV and the number of generations of the exotic fermions is to be 3 or 5. The collider LHC is designed to collide the protons with a center-of-mass energy 14 TeV. Since the center-of-mass energy of protonÄproton collisions at LHC is 14 TeV, the particle cascades coming from the collisions might contain Z if the mass is below 1 TeV as calculated in this work. Therefore, we conclude that Z boson can be discovered at LHC.
